Abstract: Coenzyme A (CoA or CoASH) is one of the most important biologically active compounds, and for this reason a reliable, fast and simple determination of this species is needed. We describe a simple and fast assay of CoASH using potentiometric flowinjection analysis and spectrophotometric kinetic determination. The described methods are suitable for use over a wide CoASH concentration range (1×10 -6 -1×10 -4 M).
Introduction
Coenzyme A (CoASH; Figure 1 ), is one of the most important biologically active compounds. It is involved in about 100 chemical reactions in cells such as the metabolism of carbohydrates, lipids and amino acids. The most important reaction, which CoASH initiates, is the tricarboxylic acid cycle that produces more than 90% of the energy required for life processes (basal metabolism). CoASH also serves as an acyl carrier in many metabolic reactions due its active thiol (-SH) group which covalently bonds to an acyl group to form thioesters [1] . The abbreviation X = OCR in Figure 1 represents derivatives of CoASH (thioesters) where the hydrogen atom is substituted by some acyl group.
For these reasons a reliable, fast and simple determination of CoASH is needed. Lots of methods have been described for determination of CoASH, such as high-performance liquid chromatography (HPLC) and high-performance capillary electrophoresis (HPCE) combined with different spectrophotometric detectors, both UV [2] and fluorimetric [3] . HPLC is the most popular and the most widespread technique, but it is also impractical as it generates a lot of different organic wastes and requires a lot of time for the analyses (45-120 min) [4, 5] . HPCE is a newly described method with promising results [6] [7] [8] [9] [10] . One of the latest methods of CoASH determination is fluorimetric determination based on the reaction of CoASH with a terbium (Tb 3+ ) organic complex [11] . There are also methods which include radioisotope atoms in the structure of some derivatives of CoASH [12, 13] .
In the literature many methods of determination of different thiols using flow-injection with a UV/visible spectrophotometric detector have been described [14, 15] . Because of the thiol group in its structure, CoASH can also be considered a thiol compound and there are several articles describing determination of CoASH derivatives using flow-injection with UV/visible spectrophotometric detection [2, 16] . In our laboratory we have already carried out determinations of a few thiols (etc. Nacetyl-L-cysteine, DL-pencillamine, L-cysteine, L-glutathione) using flow-injection coupled with a potentiometric detector [17] [18] [19] [20] . Herein we describe the determination of CoASH using a UV spectrophotometric detector at 258 and 510 nm and flow-injection with a potentiometric detector.
Results and Discussion

Flow-injection determination of CoASH using a potentiometric detector
The characteristics of the flow-injection analysis (FIA) system were optimized: carrier-stream (0.1 M HClO 4 ) of 2.7 mL·min -1 flow-rate, injection frequency of 3 min, injection time 30 s and the reagent solution used to ensure a constant pH value and ionic strength was silver nitrate, c(AgNO 3 ) = 5×10 -5 M in 0.1 M HClO 4 . Tested solutions of CoASH were injected into the carrier stream with a 200 μL loop volume loop injection valve. The potentiometric response of the cell to the analyzed compounds was monitored with a mV-meter (recorder) and potentiometric data was captured continuously with a personal computer. For the experimental measurements a two-channel FIA setup has been used. For determination of CoASH a potentiometric sensor based on the tubular electrode [22] [23] with an internal diameter of 2.0 mm and a length of sensing area of 1.2 mm was used.
Flow-injection system optimization
The tubular electrode and reference electrode are located downstream after mixing of two channels. A constant representing a dilution of the sample or reagent after mixing of two solutions depends on the flow rates in channels and can be analyzed and expressed as follows: When the recorded signal heights (in mV) are plotted against the negative logarithms of CoASH in the injected sample (Figure 3) , we obtain a value of 63 mV, which is acceptable according to the theoretical value for monovalent ions (59 mV). RSD for the tested concentration range was 0.9995. 
"Classic" (Batch experiment) potentiometric determination of CoASH
The response of the home-made iodide ion-selective electrode to Limit of detection (LOD) was calculated (both potentiometric and spectrophotometric measurements) by using the following formula:
σ -standard deviation; s -slope of curve In our experiments, the "home-made" iodide ISE responds primarily to the activity of the silver ion at the sample solution-electrode membrane interface downstream after mixing of two channels. The potential of the cell with the sensing electrode is given by:
where S, f, α, m and c denote the response slope of the electrode, the activity coefficient, the fraction of Ag + , the dilution constant and the total or analytical concentration of silver ions in reagent solution respectively.
In the absence of ions in the streaming solution that form sparingly soluble silver salts or stable silver complexes and at constant ionic strength the potential of the sensor can be expressed by the following equation:
When a sample containing CoASH at a sufficiently high concentration to cause precipitation of CoASAg is injected into the carrier stream, the silver ion concentration will be lowered to a new value. If d m c(CoASH) >> m c Ag+ , where dispersion of the sample is represented by the constant d, the free silver ion concentration at equilibrium can be analyzed and expressed as follows:
where K sp is the solubility product of silver salt while K is the dissociation constant of sulfhydryl
In the flow-injection measurement of compounds with highly reactive sulfhydryl group, the potential of the peak may be described by following equation:
Since the peak height, h, in these measurements is equal to the potential difference:
using equation (7) (15) one term predominates and the "1" can be neglected. The slope of the potentiometric response will be n S mV {p(CoASH)} -1 where n is the number of ligands in the predominant complex.
The response of the electrode with the membrane consisting of pure silver halides AgX or AgX mixed with Ag 2 S to anions which form sparingly soluble salts or stable complexes with Ag + has been discussed by Morf et al. [24] . In our experiment the potential response of the utilized potentiometric detector to CoASH was in agreement with the theoretical value for monovalent electrode. and the solubility product of CoASAg, when pH is fixed and known, can be calculated using equation (17):
The solubility product of CoASAg has been calculated by using equation (17) in a continuous-flow experiment at pH = 1 (Table 1) . It can be seen that K sp gathered by potentiometric determination by using laboratory home-made electrode and commercial purchased iodide ISE are very similar but slightly different. It can be explained with fact that membrane of our laboratory home-made electrode and commercial purchased iodide ISE differ in morphology and the chemical composition of the membrane [22, 23] . 
Spectrophotometric determination of CoASH
In the literature different spectrophotometric methods are described for determination of the concentration of CoASH [2, 11] . Here we have described a novel method for determination of CoASH using a UV/Vis spectrophotometer. We have found out that CoASH absorbs at 258 nm. The linear response range for CoASH at 258 nm is from 1.0 × 10 -6 to 1.0 × 10 -4 M, and limit of detection is 
A
We analyzed the absorbance of CoASH over a wide pH range. CoASH has an acceptable constant absorbance at 258 nm through a wide pH range (Table 2) . A reasonable explanation of this phenomenon can be found in the structure and complexity of the CoASH molecule. We analyzed the absorbance of the following thiols: N-acetyl-L-cysteine (NAC), glutathione (glu), penicillamine (pen), cysteine (cys) over the concentration range from 1.0 x 10 -5 to 1.0 x 10 -4 M and at a wavelength of 258 nm (Table 3 ). In Table 3 it can be seen that absorbance of analyzed thiols have acceptable zero values and can be neglected. It can be seen that only CoASH absorbs at 258 nm and we recommend this wavelength for determination of CoASH in mixtures with the analyzed thiols ( Figure 6 ). 
Kinetic determination of CoASH with a UV/Vis spectrophotometer as detector
Experimental
Chemicals
All required solutions were prepared by dissolving a certain amount of solid chemical in Suprapure water. Suprapure water (declared conductivity 0.04 μS cm -1 ) was prepared by a Millipore Simplicity 
Preparation of solutions
Coenzyme A solution was prepared by dissolving the required amount of CoASH in prechloric acid, c(HClO 4 )=0.100 mol·L 
Apparatus
The basic design of the tubular flow-through electrode unit was the same as previously described [22] . All parts of the multi-purpose solid-state electrode body were made from PTFE or stainless steel. A pressed pellet with a hole drilled in the center (2.0 mm i.d. and 1.2 mm long) was incorporated in the electrode body. The preparation and performance of the silver-iodide-based pellet hydrophobized by PTFE have been described previously [23] . A coaxial cable and one stainless-steel part of the electrode body provided electrical connection between the pellet and milivoltmeter. In all potentiometric measurements as reference electrode was used an Orion 90-02 double junction reference electrode with characteristics of saturated calomel electrode.
The tubular indicator electrode has been used with an Orion 90-02 double junction reference electrode, placed in a vessel downstream from the indicator electrode just before the solution has gone to waste. Potentiometric data has been recorded at room temperature with a milivoltmeter (Model MA 5740, Iskra, Ljubljana, Slovenia) coupled to a personal computer and recorder. The tubular flowthrough electrode has been incorporated into setup of the flow injection system as shown in Figure 8 . The flow system consisted of a peristaltic pump (type HPB 5400, Iskra, Ljubljana, Slovenia) fitted with silicone rubber tubing of 2.0 mm i.d. and an injection valve (model V-100, Tecator, Sweden). The outlet of the injector has been connected to the flow cell via silicone tubing of 0.5 mm i.d. The detector for spectrophotometric measurements was a Shimadzu UV-1601 spectrophotometer. Figure 8 shows a schematic of the FIA system, RE -reference electrode (Orion 90-02 DJRE), S -sensor (home-made iodide ion-selective electrode). Figure 9 is a schematic of a "batch" experiment. 
Conclusions
A home-made iodide ion-selective electrode is acceptable as detector in a flow-injection system for determination of CoASH in perchloric acid, pH = 1, over the concentration range c(CoASH) = 10 and it is acceptably constant through a wide range of pH values. Furthermore, at a wavelength of 258 nm we are able to determine CoASH in a mixture of different thiols because at that wavelength the other tested thiols (NAC, penicillamine, cysteine, glutathione) do not interfere up to concentrations of 10 -4 mol·L -1 . In flow-injection measurements with spectrophotometer as detector, the reduction ability of CoASH was tested in the reaction with Fe 3+ at pH = 1 and pH = 2.8 at 510 nm and CoASH showed poor reduction ability.
